1. Introduction {#sec1}
===============

Colon cancer is one of the most occurring malignancies in the Western world. Curative treatment is largely dictated by the TNM stage. A number of studies have demonstrated the benefit of adjuvant chemotherapy in stage 3 colon cancer \[[@B1], [@B2]\]. This benefit is less clear in patients with stage 2 disease, and as such, clinicians have tried to confine treatment to patients with tumours with characteristics that present a high risk of recurrence \[[@B3]--[@B6]\].

A previously underappreciated predictor of recurrence is extramural venous invasion (EMVI). Previous studies report hazard ratios of recurrence between 1.5 and 2.7 for patients with EMVI \[[@B7]--[@B10]\]. However, the inclusion criteria between studies differ, as does the reported prevalence of VI ranging from 23% to 28% in recent studies. The incidence of EMVI is correlated with disease stage being as low as 3% in stage 1 patients, up to 53% in patients with stage 4 disease in the study by Gibson et al. \[[@B7]\]. Discrepancies in prevalence might also be the result of different staining techniques used in different studies, with some studies providing only haematoxylin/eosin (HE) staining. This method might lack sensitivity in detecting EMVI \[[@B11]--[@B13]\]. Roxburgh et al. conducted a study comparing 2 cohorts that had been analyzed through HE with or without additional elastic staining. The incidence of VI was 18% versus 58% in favour of elastica staining while 3-year survival remained similar in both VI-positive groups (77% and 75%) \[[@B14]\]. The present study is done in order to establish the prevalence of VI in stage 1 and 2 colon cancer using a caldesmon staining technique to increase sensitivity for intra- or extramural invasion. Secondly, the hazard ratio for recurrence of tumour in patients with stage 1 and 2 cancer with and without VI was assessed.

2. Methods {#sec2}
==========

All patients with stage 1 and 2 colon cancer treated at the Zaans Medisch Centrum, the regional hospital in Zaanstreek region, in the Netherlands, between 2002 and 2008 were included. This was part of a much larger study on disease-free and overall survival in patients with colorectal cancer. The analysis was done on January 1, 2014, providing at least 5 years of follow-up for all patients. An extensive chart review was conducted for all patients in order to retrieve tumour and patient characteristics. Except for venous invasion, all tumour characteristics are reported as described in the original pathology report. The Charlson age-comorbidity scale was used to assess patient comorbidity \[[@B15], [@B16]\].

Postoperatively, the resection specimens were routinely fixed in formalin and embedded in paraffin wax. The routine 3 *μ*m sections were stained with the standard haematoxylin/eosin stain. At the time of the final analysis, the patient was scored according to the TNM classification. For the present study, a tissue block with representative tumour was selected from the archive for immunohistochemical staining with caldesmon on the BOND III full automatic Leica stainer. The formalin fixed, paraffin wax-embedded sections were dewaxed. To enhance immunostaining, these sections were subjected to an epitope retrieval solution (high pH 9.0) for 20 minutes at 100°C. Endogenous peroxidase and nonspecific binding were blocked before addition of the primary antibody. The slides were stained with the monoclonal antibody caldesmon from Dako (Glostrup, Denmark), clone h-CD, 1 : 100.

All sections were stained with the standardized 3,3-diaminobenzidine tetrahydrochloride (DAB) conjugate kit from Leica and counterstained with haematoxylin.

The presence of tumour cells within venous structures beyond the bowel wall was assessed on all haematoxylin and eosin-stained sections of the tumour and with the additional use of caldesmon staining in representative and most suspected area of the tumour. The caldesmon staining is superior to the standard haematoxylin and eosin staining. Highlighting the vessels by caldesmon staining significantly increases the observed incidence of vascular invasion in colorectal cancer compared with haematoxylin and eosin alone \[[@B17]--[@B19]\] ([Figure 1](#fig1){ref-type="fig"}).

Two experienced pathologists, MF and MM, scored the immunostaining results. They were blinded for patient outcomes. After independent assessment, cases coded as diagnostically discordant were discussed in a pathology panel discussion for consensus.

Log-rank and multivariate Cox regression analyses were used to determine the hazard ratio of recurrence for patients with EMVI. In addition, a T4 tumour, lymph node yield, and poor histological differentiation were analyzed with respect to recurrence. Statistical analyses were performed using IBM SPSS 20.0. A *p* value below 0.05 was considered statistically significant.

3. Results {#sec3}
==========

A total of 192 patients were treated for stage 1 and 2 colon cancer. From eight patients, the original HE slides and/or the resection specimen were not available for reassessment; therefore, these patients were excluded ([Table 1](#tab1){ref-type="table"}). [Table 2](#tab2){ref-type="table"} shows the demographics and the localization of the tumour. [Table 3](#tab3){ref-type="table"} shows the characteristics of recurrence. Also, the Charlson index, differentiation grade, and the number of lymph nodes are noted.

In the remaining 184 patients, 10 (5.4%) cases of EMVI and 3 (1.6%) cases of IMVI were observed. EMVI was only diagnosed in patients with stage 2 disease. Three patients in the EMVI group experienced recurrent disease (30%), one in the IMVI group (33%), and 24 in the control group (patients without VI) (14%). Univariate Cox regression analyses yielded a hazard ratio of 2.39 for recurrence in the group with EMVI (*p* = 0.107) ([Figure 2(a)](#fig2){ref-type="fig"}). The Cox regression analysis for other tumour characteristics also known to cause an increased risk of recurrence-free survival showed no significant outcomes. Hazard ratio for the recurrence for T4 tumours was 2.02 ([Figure 2(b)](#fig2){ref-type="fig"}). Every (negative) lymph node examined yielded a 4.0% reduction in risk of recurrence. Patients with LVI/PNI had a hazard ratio for recurrence of 2.21 ([Figure 2(c)](#fig2){ref-type="fig"}). Proximal tumours were associated with a hazard ratio for recurrence of 0.93 ([Figure 2(d)](#fig2){ref-type="fig"}). No analysis was performed for the differentiation grade as none of the 13 patients with poorly differentiated tumours experienced recurrence.

4. Discussion {#sec4}
=============

This study adds to the evidence that venous invasion is a predictor of recurrence in colon cancer. This study is unique since only patients with stage 1 and 2 colon cancer are included. Most studies presented in the literature report on disease-free survival and recurrence-free survival while only a minority of the studied patients actually have a follow-up after treatment of five years. A trend was found with respect to recurrence in patients with VI in stage 2 colon cancer. A possible drawback could be the relatively low number of patients. The recurrence rate was an alarming 31% in patients with VI, compared to 10--20% in all patients with stage 2 disease \[[@B3], [@B4]\]. The hazard ratio of recurrence of 2.39 was similar to that reported by other studies. Although in most studies, hazard ratios included patients with (locally) advanced disease. Gibson et al. only found a significant increase of recurrence in patients with stage 3 disease \[[@B7]\]. The study by Baumhoer et al. found a marked increase in detection of VI with elastic staining but did not find an association between the presence of venous invasion and risk of recurrence in patients with stage 2 colon cancer \[[@B20]\]. Several other studies did find an association between (recurrence-free) survival and venous invasion in patients with stage 2 disease \[[@B8], [@B10], [@B21], [@B22]\]. Accurately determining the risk of recurrence is most important in patients with stage 2 disease as adjuvant chemotherapy is not usually indicated but can be added to improve prognosis in high-risk patients.

Routine haematoxylin/eosin staining is not sufficient to detect extramural vascular invasion.

More specific stains have to be used \[[@B17]\]. The caldesmon stain is by far the most accurate. After analysis by two GI-specialized pathologists, prevalence of venous invasion appeared to be rather low with 0% and 9% in patients with stage 1 and 2 disease, respectively. Detection rates of VI in patients with stage 2 disease range from 10 to 34% in previous studies \[[@B7], [@B8], [@B10], [@B17], [@B21], [@B23]\]. Because of the influence of EMVI on recurrence risk, the Royal College of Pathologists has added VI to the "core data items" and stipulates a minimum overall detection rate of VI of 30% as audit criterion recommending the use of elastica staining and the evaluation of at least 2 blocks, especially if the detection rates are not matched \[[@B24]\]. However, a Canadian survey shows that these detection rates are currently far from being met \[[@B19]\]. Secondly, with the introduction of colorectal cancer screening, the percentage of patients presenting with local disease increases; thus, the incidence of EMVI will decline \[[@B25]\]. Conversely, this increase in local disease further underlines the need for proper risk stratification of these patients.

In conclusion, this study adds to previous evidence demonstrating an increased risk of recurrence in patients with stage 2 colon cancer with venous invasion. In this study, thirty-one percent of these high-risk patients experienced recurrence. Sensitivity of diagnostic tests for venous invasion will influence its specificity as a prognostic marker. Prevalence of EMVI varies between studies and pathologists, and more precise guidelines with regard to the staining and number of evaluated blocks should be formulated. This is especially important for patients with stage 2 disease, as the high recurrence rate for EMVI-positive tumours warrants consideration for adjuvant chemotherapy despite the absence of lymph node metastases. One should also take into account the presence of additional risk factors for recurrence (e.g., a T4 tumour).
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![Overview of caldesmon staining of the venous vessel wall. (a) Haematoxylin and eosin staining shows a low-power view with a nest of invasive adenocarcinoma into the pericolic adipose tissue. (b) The caldesmon staining highlights the venous vessel wall around the tumour nest. The additional staining is an invaluable aid in the diagnosis of extramural venous invasion.](GRP2017-1598670.001){#fig1}

![(a--d) Kaplan-Meyer plots reporting the association of tumour characteristics and recurrence-free survival. Patients were censored if death occurred before recurrence. (a) IM ± EMVI, (b) T4 tumour, (c) LVI/PNI, and (d) distal versus proximal tumours. LVI/PNI: lymphovascular or perineural invasion.](GRP2017-1598670.002){#fig2}

###### 

Characteristics of missing patients.

  ----------------------------------- ------ --------------
  Number of patients                  8      
  Gender                                     
   Male                               5      62.5%
   Female                             3      37.5%
  Age^∗^                              62.5   (52.3--73.1)
  Charlson age index^∗^               3      (2--4.75)
  T-stage                                    
   1                                  1      12.5%
   2                                  0      0%
   3                                  5      62.5%
   4                                  2      25%
  Differentiation                            
   Poor                               7      100%
   Well                               0      0%
  Adjuvant treatment                  7      87.5%
  LVI/PNI                             1      12.5%
  Number of examined lymph nodes^∗^   7.5    (5--15.25)
  Tumour location                            
   Distal                             5      62.5%
   Proximal                           1      12.5%
   Synchronous                        2      25%
  Recurrence                          3      37.5%
  Overall survival^∗^                 4.89   (3.25--8.34)
  Recurrence-free survival^∗^         4.82   (1.76--8.14)
  Cause of death                             
   Alive                              4      50%
   Tumour                             3      37.5%
   Complication of treatment          0      0%
   Other                              0      0%
   Unknown                            1      12.5%
  ----------------------------------- ------ --------------

EMVI: extramural invasion; IMVI: intramural invasion; LVI/PNI: lymphovascular invasion/perineural invasion. ^∗^Median and interquartile range.

###### 

Patient characteristics.

                                      EMVI   IMVI           No EMVI                 
  ----------------------------------- ------ -------------- --------- ------ ------ ------------
  Number of patients                  10                    3                171    
  Gender                                                                            
   Male                               5      50%            0         0%     94     55%
   Female                             5      50%            3         100%   77     45%
  Age^∗^                              78     (56--85)       70               73     (66--80)
  Charlson age index^∗^               5.5    (2.75--7.25)   5                5      (3--6)
  T-stage                                                                           
   1                                  0      0%             0         0%     10     6%
   2                                  0      0%             0         0%     33     19%
   3                                  9      90%            3         100%   106    62%
   4                                  1      10%            0         0%     22     13%
  Differentiation                                                                   
   Poor                               0      0%             0         0%     13     8%
   Well                               10     100%           3         100%   151    92%
  Adjuvant treatment                  0      0%             0         0%     8      5%
  LVI/PNI                             2      80%            0         0%     14     8%
  Number of examined lymph nodes^∗^   8.5    (5.5--15.25)   19               13     (8--18)
  Tumour location                                                                   
   Distal                             6      60%            0         0%     77     45%
   Proximal                           4      40%            3         100%   86     50%
   Synchronous                        0      0%             0         0%     8      5%
  Recurrence                          3      30%            1         33%    24     14%
  Overall survival^∗^                 5.96   1.21--9.24     5.58             6.75   5.09--8.59
  Cause of death                                                                    
   Alive                              4      40%            0         0%     108    63%
   Tumour                             2      20%            1         33%    15     9%
   Complication of treatment          0      0%             0         0%     6      4%
   Other                              3      30%            2         67%    31     18%
   Unknown                            1      10%            0         0%     11     6%

^∗^Median and interquartile range. No interquartile ranges were reported for the IMVI group due to the small number of patients. EMVI: extramural invasion; IMVI: intramural invasion; LVI/PNI: lymphovascular invasion/perineural invasion.

###### 

Characteristics associated with recurrence. Tumour location is divided in tumour distal and proximal to the flexura lienalis. Hazard ratios are determined through univariate Cox regression analysis.

                                          Cox hazard ratio                                  95% confidence interval
  --------------------------------------- ------------------------------------------------- -------------------------
  EM ± IMVI                               2.39                                              0.83--6.89
  T4                                      2.02                                              0.87--4.69
  Differentiation                         No events in patients with poor differentiation   
  LVI/PNI                                 2.21                                              0.85--5.75
  Number of examined lymph nodes^∗^       0.96                                              0.92--1.01
  Tumour location (distal is reference)   0.93                                              0.45--1.9

^∗^Hazard ratios are reported for each additional lymph node examined. EM ± IMVI: extramural and intramural venous invasion, LVI/PNI: lymphovascular/perineural invasion.
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